In this study, we introduced the dead pupa and larva of Bombyx mori silkworms as nutrition medium for the growing of different fungi including Cordyceps militaris, Isaria tenuipes and Isaria farinose to produce Cordyceps mycelia and anti-cancer cordycepin. The anti-proliferative and anti-migratory activities of cordycepin extracted toward cancer cells were investigated. We found that the dead silk larva which contained high carbohydrate and moisture but low fat content could be a good host for the growth of Cordyceps militaris and Isaria tenuipes to produce Cordyceps. The cordycepin extracted from Cordyceps mycelia of Cordyceps militaris grown on dead silk larva showed the highest anti-proliferative potential toward human non-small cell lung cancer NCI-H460 cells with a half maximal inhibitory concentration (IC 50 ) of 0.7 µM. Furthermore, the viability of human lung adenocarcinoma epithelial A549 cell line remained < 20% while that of human airway epithelial Calu-3 cell line was < 40% after treated with the cordycepin extracted (0.125-2 µM) due to the disruption of cell membrane by cordycepin. We also found that our cordycepin (0.25-2 µM) could inhibit the migration of A549 cells. On the other hand, the cordycepin was not toxic to small airway epithelial cells (SAEC) of non-cancer cells. Therefore, Cordyceps militaris grown on the dead larva of B. mori silkworms was introduced as a promising source for the production of Cordyceps mycelia and anti-cancer cordycepin without toxicity to non-cancer cells.
Introduction
Mushrooms have high value in agricultural and food industry. They are recognized as a natural source of functional herbal medicine for centuries, particularly in China, Korea and Japan (Khan et al., 2010; Ng & Wang, 2005) . Cordyceps mycelia mushroom, a genus of ascomycete fungi growing on the larva of Lepidoptera, has been used to treat conditions including respiration and pulmonary diseases; hyposexuality and hyperlipidemia; renal, liver, and cardiovascular diseases (Zhu et al., 1998) . It is also used in the treatment of immune disorders and cancer (Holliday & Cleaver, 2008; Zhu et al., 1998) . Nowadays, over 400 species of Cordyceps mycelia have been described (Zhu et al., 1998) . Cordyceps militaris (an entomopathogenic fungus), which is belonging to the class Ascomycetes, is one of the most important species that has been used as a crude drug and a folk tonic food (Patel & Ingalhalli, 2013) . The chemical constituents extracted from Cordyceps mycelia include cordycepin (3'-deoxyadenosine) and its derivatives, ergosterol, polysaccharides, a glycoprotein, and peptides containing α-aminoisobutyric acid.
Cordycepin is the main active constituent which was first extracted from Cordyceps militaris (Mao et al., 2005; Masuda et al., 2006; Das et al., 2010; Masuda et al., 2011; Zhu et al., 2011; and then found to be present in Cordyceps sinensis and Cordyceps kyushuensis (Li et al., 2002; Ling et al., 2009 ). The cordycepin (3-deoxyadenosine, C 10 H 13 N 5 O 3 ), as a nucleoside analogue, is a nucleic acid antibiotic that inhibits canceration of cells, contributing to the normalization of cancer cells as one of constituents of gene DNA (Cunningham et al., 1951) . Furthermore, cordycepin can be incorporated into RNA molecules causing premature termination of RNA dyssynthesis, contributing to its anti-cancer activity (Paterson, 2008) . In addition, various pharmacological actions of cordycepin such as anti-inflammation, anti-bacterial, and anti-tumor activities have been reported (Ahn et al., 2000; Jeong et al., 2010; Khan et al., 2010; Lee et al., 2011) . Jeong et al. (2010) demonstrated the anti-inflammatory effect of cordycepin on the production of inflammatory mediators in lipopolysaccharide (LPS)-stimulated murine BV2 microglia. Its inhibitory effect is associated with the suppression of the NF-κB, Akt, and MAPK signaling pathways. Lee et al. (2011) reported that cordycepin showed anti-proliferative and apoptotic effects on carcinoma cell lines in vitro in a dose dependent manner. However, there is a great variation in the activity of cordycepin extracted from different sources of Cordyceps mycelia and it is difficult to control the natural Cordyceps mycelia sources. Due to this reason, Cordyceps mycelia grown on artificial diet should have more consistent quality. In this study, the dead pupa and larva of B. mori silkworm were introduced as nutrition medium for the growing of different fungi including Cordyceps militaris (C. militaris), Isaria tenuipes (I. tenuipes) and Isaria farinose (I. farinose) to produce Cordyceps mycelia.
Dead insects have been used as host medium for the growth of fungi (Li et al., 2002) . Various Cordyceps mycelia fungi growing on the dead insects have been studied (Paterson, 2008) . Silkworm has been an economically important insect of silk agriculture and food industry in Asian countries for centuries. Large numbers of silkworms were breed for the production of raw silk, thereafter the dead silkworms were the waste product from the process. To increase the value of dead silkworms, they were introduced as host which is considered as artificial diet food for the production of Cordyceps mycelia with more consistent quality. The dead pupa and larva of B. mori silkworms were studied for their proximate composition as growth media. The Cordyceps mycelia were produced by growing fungi including C. militaris, I. tenuipes or I. farinose on the dead larva of silkworms. The cordycepin was extracted from various Cordyceps mycelia at different extraction conditions. Yield of cordycepin extracted was analyzed using High Performance Liquid Chromatography (HPLC) technique. The anti-proliferative and anti-migratory activities of cordycepin extracted on various cancer cells including human non-small cell lung cancer NCI-H460 cells, human lung adenocarcinoma epithelial cell line (A549 cells), and human airway epithelial cell line (Calu-3 cells) and its reaction on cell were investigated. On the other hand, cytotoxic test of cordycepin extracted on non-cancer cells, Small Airway Epithelial Cells (SAEC), was performed. In addition, an anti-tyrosinase activity of the cordycepin extracted was assessed.
Materials and Methods

Materials
The third-, fifth-instars pupae and larvae of B. mori strain Chul 3/2 (green-shell cocoons) were kindly supplied by Chul Thai Silk Co., Ltd. (Petchaboon province, Thailand). The spores of C. militaris (NBRC 100741), I. tenuipes (NBRC 100738), and I. farinose (NBRC 100648) were purchased from National Institute of Technology and Evaluation (Tokyo, Japan). Commercial Cordyceps mycelia was purchased from traditional Chinese medicine store in Bangkok, Thailand which was claimed as natural Cordyceps mycelia. Other chemicals were analytical grade and used without further purification.
Analysis of Proximate Composition in Dead Pupa and Larva of Silkworms
Protein content in the dead body of silk pupa and larva was determined according to the principle of Kjeldahl method (Lynch & Barbano, 1999 ) on a mechanized and automated Kjeltec instrument (Foss). Sample (1 g) was digested with 15 mL of concentrated sulphuric acid using electrically heated aluminum block digester. The digested sample was diluted and then adjusted to alkaline with 50 mL of 40 wt% sodium hydroxide, followed by a rapid steam distillation of ammonia from the sample into 25 mL of 4 vol% boric acid for a manual titration with 0.2 N of hydrochloric acid. A conversion factor of 6.25 was used to convert the measured nitrogen content to protein content.
Carbohydrate content of sample was determined by the Clegg-anthrone method (Nollet, 2004) . Sample (1 g) was digested with 13 mL of 52 vol% perchloric acid to hydrolyze disaccharides, trisaccharides and higher oligomers to their reducing sugar components and then reacted with anthrone reagent under acidic condition to produce a blue/green color. Anthrone reagent was prepared by dissolving 0.1 wt% anthrone in diluted sulphuric acid (a ratio of sulphuric acid:water = 2.3:1 vol/vol). An aliquot (1 mL) of appropriately diluted hydrolysate was mixed with 5 mL of anthrone reagent. After incubated in boiling water for 12 min and cooled down, the absorbance of the reaction mixture was measured at 630 nm. A standard curve was prepared from glucose (0-100 mg/L).
Total fat of sample was determined by the semi-continuous solvent extraction method. The sample (10 g) was extracted with 180 mL of petroleum ether on a Soxhlet apparatus for 10 h. Petroleum ether was removed by evaporation and the residue of lipid was weight (Tee et al., 1996) .
Moisture content of sample was determined using the direct drying method. Homogenized sample (10 g) was dried overnight in an air-oven at 105°C until constant weight of the sample was obtained. The difference between initial weight and final constant weight after drying was taken to be moisture lost and moisture content of sample (Tee et al., 1996) .
The amount of crude fiber was estimated using acid washing method. Milled powder of samples (1 g) was added into a glass flask containing 100 mL of washing acid (2 vol% Cetyltrimethylammonium Bromide (CTAB) in 1 N sulphuric acid) and boiled for 1 h with shaking. After filtration on a Buchner, the residue was dried at 105°C until constant weight was reached and weighed as crude fiber content (Amir et al., 2007) .
Ash content of sample was determined using the dry ashing method. Sample (10 g) was incinerated in a cold muffle furnace at 550°C until whitish/grayish ash was obtained. Organic component was burned off and the inorganic material remained was cooled and weighted as ash content (Tee et al., 1996) . All samples were analyzed in triplicate.
Culture of Fungi for the Production of Cordyceps Mycelia
C. militaris, I. tenuipes and I. farinose were cultured in Potato Dextrose Agar (PDA) medium (Lot No. 09240, Criterion, Hardy Diagnostics) for 20 days and then subcultured to expand the microorganisms for further experiments. The microorganisms were then cultured in slant medium consisting of silk pupa, soy sauce, trehalose, magnesium sulfate and agar for another 2-3 weeks to grow the spores. The spores were dissolved in 1 vol% tween 80 to obtain the concentration of 108 spores/mL. The growth medium for the production of Cordyceps mycelia was prepared from artificial diet composed of silk larva, soy sauce, trehalose dissolved in deionized water. The spores were added into the growth medium and cultured for 60 days to obtain Cordyceps mycelia.
Extraction of Cordycepin From Cordyceps Mycelia
The Cordyceps mycelia from various sources (5 g) was dissolved in deionized water at 25°C or 95°C with continuous shaking for 1 h. Then, the sample solutions were filtrated through a 0.22 μm membrane. The filtrate was analyzed for cordycepin content using High Performance Liquid Chromatography (HPLC) technique. An HPLC system consisted of a P680 liquid chromatographic pump (Dionex, Sunnyvale, CA, USA), a ASI-100 automated sample injector with a 20 μL loop (Dionex, Sunnyvale, CA, USA), an UVD170U detector (Dionex, Sunnyvale, CA, USA). A VertisepTM AQS C18 HPLC column (250 x 4.6 mm i.d., 5 µm particle size, Vertical Chromatography Co., Ltd, Bangkok, Thailand) was used for chromatographic separation at ambient temperature. The method of HPLC analysis for cordycepin was slightly modified from Ikeda et al. (2008) . The mobile phase was a mixture of acetonitrile : water (5:95 vol/vol) and the flow rate was set at 1.0 mL/min. The UV detection was operated at 260 nm. Three analytical samples were prepared from each Cordyceps mycelia sample, which were determined in triplicate.
Cell Culture
Human non-small cell lung cancer NCI-H460 cells (ATCC HTB-177, Manassas, VA, USA) were cultured in Roswell Park Memorial Institute (RPMI) 1640 medium (Invitrogen, Carlsbad, CA) supplemented with 5 vol% fetal bovine serum (FBS), 2 mM L-glutamine, and 100 U/mL penicillin-streptomycin. Human lung adenocarcinoma epithelial cell line, A549 cells (ATCC CCL-185, Rockville, MD, USA) were cultured in Ham's F-12K (Kaighn's) medium supplemented with 10 vol% FBS and 100 U/mL penicillin-streptomycin. Human airway epithelial cell line, Calu-3 cells (ATCC HTB-55, Rockville, MD, USA) was cultured in Modified Eagles Medium (MEM) supplemented with 10 vol% FBS and 50 U/mL penicillin-streptomycin. Non-cancer cells, small airway epithelial cells (SAEC, ATCC PCS-301-010, Manassas, VA, USA), were maintained in small airway epithelial cells basal medium (SABM) supplemented with growth factors supplied in the SAGM SingleQuot kit (Lonza™, Walkersville, Inc., USA). All cells were maintained at 37°C in a 5% CO 2 and 95% humidity incubator and the media were changed every 2-3 days. When reached 80% confluency, the cells were subcultured and expanded for the experiments.
Cytotoxic Test of Cells Cultured With Cordycepin Extracted
The cells (1x10 5 cells/mL, 100 µL) were seeded on each well of a 96-well plate and cultured at 37°C in a 5% CO 2 and 95% humidity incubator overnight to allow cells to adhere. On the following day, the culture medium was replaced with fresh media (100 µL) and the medium containing different concentrations of cordycepin extracted (0.125, 0.25, 0.5, 1, and 2 µM) was added. The cells were then cultured for further 24 h. The viability of cells was determined by 3-(4,5-dimethylthiazolyl-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay (Mosmann, 1983; Edmondson et al., 1988) . Briefly, the culture medium was removed and MTT solution (1.25 mg/mL, 200 µL) was added into each well, followed by incubation at 37°C for 4 h. After incubation, the MTT solution was aspirated and the formazan product was solubilized with DMSO (200 µL). The absorbance of solution was measured at 570 nm using a multi-detection microplate reader (Biohit BP 800, Helsinki, Finland). The numbers of viable cells in the treated well were compared to those in the untreated well and calculated as percentage of cell viability.
Observation of Cell Morphology Using Transmission Electron Microscopy (TEM)
A549 cells were seeded at a concentration of 10 6 cells/mL into the flasks and incubated at 37°C in a 5% CO 2 and 95% humidity incubator for 3 days to prepare cell monolayer. After medium changing, the cordycepin extracted was added into the fresh medium at 0.125 µM and incubated with cell monolayer for 24 h. Cells cultured without the addition of cordycepin extracted were served as a control. Then, cells were harvested using 0.25% trypsin-EDTA and centrifuged at 130 g for 5 min. The cell pellets were prepared for TEM observation by fixing with 2.5 vol% glutaraldehyde at 4°C for 4 h. After that, cells were fixed with 1 vol% osmium tetroxide for 1 h and dehydrated with ethyl alcohol. The cells were then embedded in epoxy resin and mounted on 300 mesh copper grid, stained with uranyl acetate and lead citrate, and then observed on TEM (JEM-2010 at 200kV; JEOL, Japan).
Migration Assay
In vitro migration assay was performed to evaluate the anti-migratory activity of cordycepin extracted toward human lung A549 cell line. The migration assay was performed following a modified Boyden's chamber assay using 24-well transwell culture plates with 8 μm-pore size-polycarbonate filter (Corning/Fisher Scientific, Schwerte, Germany), as described previously (Dai et al., 2011) . Briefly, A549 cells were seeded in the upper chamber (5 x 10 4 cells/well in 100 μL). The same media containing cordycepin extracted from Cordyceps mycelia of C. militaris grown on dead silk larva (0.125-2 µM) was added into the lower chamber. The media without cordycepin was used as a control. Cells were incubated at 37°C, 5% CO 2 for 16 h, then the migration of cells was evaluated. The migrated cells was fixed with 4% paraformaldehyde for 30 min, washed with PBS and stained with trypan blue. The migrated cells were counted by using light microscope at high magnification field (20X).
Anti-Tyrosinase Assay
The assay was performed following the method described previously with minor modifications (Masamoto et al., 2003) . Tyrosinase (1,000 units/mL, Sigma, St Louis, MO, USA) from a mushroom solution was prepared at a concentration of 100 units/mL in 0.2 M phosphate buffer solution (pH 6.5). Tyrosinase mushroom solution (150 µL) and phosphate buffer solution at pH 6.5 (300 µL) were mixed with or without the cordycepin extracted (0.8 mg). The mixture was then pre-incubated at 25°C for 5 min before adding 300 µL of 1.25 mM dopa (3,4-dihydroxyphenylalanine) solution. Then, the absorbance of reacted solution was measured at 475 nm. The percentage of inhibition of tyrosinase activity was calculated as
where A and B represent the difference in the absorbance of the control and test samples, respectively, between incubation times of 0.5 and 1.0 min.
Statistical Analysis
All the results were statistically analyzed by the unpaired student's t test and p < 0.05 was considered to be statistically significant. Data were expressed as the mean ± the standard deviation.
Results
Proximate Composition of the Dead Silkworms
The proximate composition of the dead silk pupa and larva of B. mori silkworm is presented in Table 1 . Dead silk pupa contained high fat (∼26.43 g/100 g) but low carbohydrate (∼5.51 g/100 g) and moisture (∼7.48 g/100 g).
On the other hand, dead silk larva contained high carbohydrate (∼13.65 g/100 g) and moisture (∼12.5 g/100 g) but low fat (8.51 g/100g). The amounts of protein and crude fiber in the dead silk pupa and larva were not different. The dead pupa had higher energy than the dead larva. 
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After cultu militaris, I tenuipes co . In addition, the water extraction temperature at 95°C provided the higher yield of cordycepin than the extraction at 25°C. The purity of cordycepin extracted was confirmed by calculating area under the peak of cordycepin compared with the area under the peaks of other impurities. The results indicated that the extract contains approximately 84.12 ± 5.67 % of cordycepin. 
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Anti-Proliferative Action of the Cordycepin Toward NCI-H460 Cells
The viability of human non-small cell lung cancer NCI-H460 cells when cultured in the presence of various concentrations of cordycepin is shown in Figure 2 . The percentages of cell viability were decreased when the concentration of cordycepin increased. At any cordycepin concentrations, the cell treated with the cordycepin extracted from Cordyceps mycelia of C. militaris grown on dead silk larva showed lower percentage of viability than those treated with the cordycepin extracted from Cordyceps mycelia of I. tenuipes and commercial Cordyceps mycelia. With the cordycepin extracted from Cordyceps mycelia of C. militaris, the viability of cells remained 20% after treated at 10 µM and its half maximal inhibitory concentration (IC 50 ) was 0.7 µM.
Anti-Proliferative Action of the Cordycepin Extracted Toward A549, Calu-3, and SAEC Cells
The viability percentage of human lung adenocarcinoma epithelial cell line, A549 cells, human airway epithelial cell line, Calu-3 cells, and SAEC after treated with different concentrations of the cordycepin extracted from Cordyceps mycelia of C. militaris grown on dead silk larva is shown in Figure 3 . The two types of cancer cells, A549 and Calu-3 cells, showed low percentage of viability when treated with this cordycepin. At any cordycepin concentrations, the viability percentage of A549 cells remained < 20% while that of Calu-3 cells was < 40%. The membrane of A549 cells, as a representative of cancer cell, exposed to this cordycepin was disrupted while the fluid inside the cells was released (head arrow), resulting in cell dead (Figure 4) . In contrast, a large nucleus as well as the presence of vacuole with normal cytoplasm appearance was observed in the control cells. On the other hand, the viability of SAEC, as a representative of non-cancer cells, treated with any concentrations of cordycepin were > 90% (Figure 3 ). The anti-proliferative activity of the cordycepin extracted was elucidated (Figure 2-3) . The IC 50 value of cordycepin extracted from the Cordyceps mycelia of C. militaris grown on dead silk larva toward NCI-H460 cells (0.7 µM) was remarkably lower than the IC 50 value of cisplatin which is a potent anti-cancer drug (80 µM), as reported previously (Zhang et al., 2004) . Furthermore, we proved that the cordycepin extracted killed the A549 cancer cells by the disruption of cell membrane (Figure 4) . The anti-proliferative activity of cordycepin on cancer cells has been widely reported (Khan et al., 2010; Kim et al., 2006; Lee et al., 2009; Wu et al., 2007; Yoshikawa et al., 2008) . It was demonstrated that cordycepin inhibited the proliferation of B16-BL6 cells by stimulating adenosine A3 receptors followed by the Wnt signaling pathway, including Glycogen Synthase Kinase (GSK)-3 beta activation and cyclin D1 inhibition (Yoshikawa et al., 2008) . Cordycepin markedly inhibited the phosphorylation of Akt and p38 in dose-dependent manners in LPS-activated macrophage and suppressed Tumor Necrosis Factor (TNF)-alpha expression, Ikappa B alpha phosphorylation and translocation of Nuclear Factor-kappa B (NF-κB) (Kim et al., 2006) . Another molecular mechanism for the anti-cancer effects of cordycepin in two different bladder cancer cell lines, 5637 and T-24 cells was found to be related to an up-regulation of p21WAF1 expression, independent of the p53 signaling pathway (Lee et al., 2009 ).
We here proposed another possible mechanism, antityrosinase activity, to explain the anti-proliferative activity of cordycepin toward cancer cells. Tyrosinases are copper-containing enzymes that catalyse the ortho-hydroxylation of monophenols to catechols and their subsequent oxidation to ortho-quinones (Schurink et al., 2007) . Tyrosinases are known to play roles in cancer and neurodegenerative diseases such as parkinson's disease (Aramwit et al., 2010; Cavalieri et al., 2002) . Therefore, the highest antityrosinase activity of the cordycepin extracted from the Cordyceps mycelia of C. militaris grown on dead silk larva ( Figure 6 ) possibly contributed to its highest anti-proliferative activity on cancer cells (Figure 2 ).
The inhibition of migration/invasion of the cordycepin toward human lung cancer cells was confirmed ( Figure 5 ), particularly at high cordycepin concentration (0.25-2 µM). This was corresponded to the results reported elsewhere Lee et al., 2010) . Lee et al. (2010) found that cordycepin could suppress TNF-α-induced invasion, migration and matrix metalloproteinase-9 expression in human bladder cancer cells. reported that cordycepin inhibited the migration and invasion of LNCaP human prostate carcinoma cells by down-regulating the activity of tight junctions and matrix metalloproteinase, possibly in association with suppression of Akt activation.
On the other hand, we proved that the cordycepin extracted was not toxic to non-cancer cells like SAEC (Figure 3 ). In summary, the dead body of silk larva which contained high carbohydrate and moisture but low fat could be a good host for the growth of C. militaris to produce Cordyceps. The cordycepin extracted from Cordyceps mycelia of C. militaris grown on dead silk larva by water extraction at 95°C showed the highest yield and highest anti-proliferative activity on cancer cells without toxicity to non-cancer cells. Therefore, the C. militaris and the dead body of silk larva as artificial medium were introduced as promising sources for the production of Cordyceps mycelia and cordycepin with more consistent quality and anti-proliferative/anti-migratory activity toward cancer cells.
